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Learning Objectives

» To become familiar with basic radiological units
becquerel (Bq), curie (Ci), sievert (Sv), etc.

» To become familiar with basic radiological quantities such as activity, specific
activity, dose rate, etc.

» To understand the relationships between the basic units

 To get to know how to use the Mass Activity Converter module in Nucleonica
to convert between different units. This requires familiarity with the Glossary,
Help, Calculator

 How to use mixtures

» To strengthen the above understanding through a series of problems and
exercises.
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Overview...

The mass activity calculator is a popular
tool for conversion between different .
physical quantities (e.g. mass, activity, 10.47 m Mass Activity Converter

number of atoms, etc.). 27 Cobalt

. ; N Currert Chart: Karlsruhe
e external and internal dosimetry quantities
such as the gamma dose rate (where the [y Mass
distance is required) o Bl Mixture selector

e the committed effective doses for inhalation Corverter | Options
and ingestion.

e the amount of heat generated — isotopic ot
power — through radioactive decay for q, 1E+G Activity (Bo
a+f3, and a+p+y.

In the this example, the nuclide Co-60 is Activity A 7 1.

selected. A different nuclide can be selected " J,-,-,t'.e,- ATETE atam
from the element and mass drop-down Mumber of moles 3.8985e-10  mole
menus. The default source strength is 1 masure rate at 2 m w= 0T :

MBq In the unit dl’Op-dOWﬂ menu, the Equivalent gamima dose rate infissue at 2 m 4= 0.0 pEwih
source strength is shown in becquerel (Bq), Committed Effective Dose Equivalent, inhalation = 3.1008+3 rarer
curie (Cl)s number of atoms, etc. The user Committed Effective Dose Equivalent, ingestion 50 = rFerm

can also select a previously defined nuclide
mixture (by clicking on the Mixture selector).
Further information is given in the
Nucleonica wiki.

|sotopic Power o = Watt

Isotopic Po [+ 1 548g-2 Wt

lzotopic Power o+B+y
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Cobalt Co

Cobalt

(Kobald, from the German, goblin or evil spint. cobalos, Greek, mine). Discoverad by Bra
about 1735 Cobalt occurs in the mineral cobaltite, smaltite, and erythrite, and is often
associated with nickel. siver. lead, copper. and won ores. from which it i1s most frequently
obtained as a by-product. It is also present in meteontes. Important ore deposits are found
Zaire, Morocco, and Canada. The U S Geological Survey has announced that the bottom
the north central Pacific Ocean may have cobalt-nch deposits at relatively shaliow depths s
water close to the Hawanan Islands and other U.S. Pacific termtones. Cobalt is a battle, ha
maetal, closely rasembling iron and nickel in appearance. It has a metallic permeability of
about two thirds that of iron. Cobalt tends to exist as a mixture of two allotropes over a wi
temperature range; the B-form predominates below 400 C._ and the a above that temperature
The transformation is sluggssh and accounts in part for the wide vanation in reported data or
physical properties of cobalt It is alloyed with iron, nickel and other metals to make Alnig
an alloy of unusual magnetic strength with many important uses. Stellite alloys, containi
cobalt, chromsum, and tungsten, are used for high-speed. heavy-duty, high temperature
cutting tools, and for dies. Cobalt is also used in other magnetic steels and stainless stegh
and in alloys used in jet turbines and gas turbine generators. The metal is used in
electroplating because of ts appearance, hardness, and resistance to oxidation The sal
have been used for centunes for the production of brlliant and permanent blue colors in
porcelain, glass. pottery, tiles, and enamels. It is the prncipal ingredient in Sevre’s and
Thenard's blua. A solution of the chloride is used as a sympathetic ink. The cobalt aming
are of interest; the oxade and the nitrate are important. Cobalt carefully used in the form o
chlonde, sulfate, acetate, or nitrate has been found effectrve in comrecting a certain mineral
deficiency disease in animals. Soils should contain 0.13 to 0.30 ppm of cobalt for proper
animal nutrtion. Cobalt-60, an antfficial isotope. is an important gamma ray source, and is
extensmely used as a tracer and a radiotherapeutic agent. Exposure to cobalt (metal fume

and dust) should be limited to 0.05 mg/m?> (8-hour time-weighted average 40-hour week)

Text repanted with permission from the Handbook of Physics and Chemistry 73rd Edition D
Lide 1992-93. Copynght CRC Press. Boca Raton; Flonda © 1980
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Help: Nucleonica Wiki...

nucleonlcaﬁ.l ... web driven nuclear scicnce

Applications Data Knowledge My Preferences Print ¢} Metworking «~ Nucleg Ecience &3 Help

Co60

Mass Activity Converter

27 Cobalt e NIl s T | viemevene 1] e
..-': Help:Mags Activity Converter
Qnca

10,47 m| 527 y

rvuc e

Current Chart: Karlsruhe .
wiki]

Element Mass

1 Nuletrica's Mass Aok
Mixture selector 2 B ina e
Co [ 60 [] e
o Ty & Ly D Mo b
4.8 Muckds Salscior
i F GusnptyRird Saecion
Converter Options

Quantity Unit
1E+06 Activity (Bq)

MNucleonica's Mass Acthiby Comverter

Tires: mag Sty Consverier i & popabsr bool 0 Doreeesson Detwssn ditternent

Errvital uatibed (6§ Madd, ainy, fusBer OF alorsd, 6l ) A partaularty

umndd featura i Wl ir mcdion B ingke nuckdes, e s activiby caloulalon M 485 A,ctiuit!'r CU“VE“E r
oA Mo be applad o ruckde micdures Thaas rckds midurss oan b craaled 1h4l =

vl o e Widures modiule. Thee Conseert oo sioves the bl of 27 Cobalt

Al:ﬂ\;"ity 1.000e+b sarh e ke B e tarsiard bt et actedes s ), coever e can

P Curmend Chart Farkrbe

Mass = 2 388e-8

* Mardom pags

Activity 6.000e+7 (o) (Besmn]

Mumber of atoms 2400e+14 aton e o wvirrmal srd nteral dopmetry gUaRERT TLCR & T Samme dare re
& W0 e ek (v T R0 & Tl
Number of moles 3.985e-10 mold « Raised sharges

Mary

Exposure rate at 2 m K= 0.07522 PGy . o . . e et 1or Shaiston and et

Equivalent gamma dose rate in tissue at 2 m 1= 0.08425 + e vmenart 0 heal gersesbed — motopes powes: — Hhecugh Fackoactve decey
Committed Effective Dose Equivalent, inhalation 5g = 3100 e

. . . - . v L O Coubll iy » A, n O
Committed Effective Dose Equivalent, ingestion 0= 340 e sl g, e (el Cou80 0 selecied & dmieren ok con b
Skt i 0 1M el el o - Fatiis . The defeull fourcs

|sotopic Power o 0

|sotopic Power a+p = 1.548e-8

Isotopic Power a+p+y 4.1617e-T ..
nucleon |ca-'.‘




Wiki Help: Basic Quantities and Relations

In this section, the basic relationships between number of atoms, mass, and activity, are developed. From the
basic quantities, additional quantities such as the gamma dose rate, the effective doses for inhalation and
ingestion and the isotopic powers can be obtained.

For an amount of material with mass in grams given by Massfz), the number of atoms /Vi1s given by

N  Mass(g)
N,
Where 2V, is Avogadro's number or Avogadro's constant (W, = 6.002214179x10%), and Af is the atomic mad

the nuclide. This basic relationship follows from the fact that 1 mole of any material contains Avogadro's
number of atom.

N
- N=Mass(g)-—=
> Y

The conversion of number of atoms to the number of moles is given by

Number of moles = —
A
The conversion from number of atoms to activity, and vice versa, is obtained using

|
ActivitBg)=k-N=In2-N/t

Activit(Ci) = Activit(Bg) /3.7 -10"°

Where &, and 7 are the decay constant and half-life respectively of the nuclide. Combining the above relatioi®
it follows that the relation between activity and mass is given by
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Wiki Help: Derived Quantities

From the activity A, additional nuportant quantities such as the gamma doze rate. the committed effective dd
and the 1=otopic powers can be derived. The relations used i the hMass Activity Calculator are given below. E
more detaalz on the meaning and derivation of these quantities, the reader should follow the links

The gamuma dosze rate i tizsue, J . (follow the Link forr the derrvation) 12 given by

aH _ 4 (47R*)-Z(E, - F - (44 / p)}°)

fels c

From the above relation, it can be seen that the zamuma dosge rate depends on the distance R from the zouwrce,
thiz reason, for the evaluation of the zamma dose rate, the distance must also be specified A defanlt distance
L0 cm is uzed. In addition, the threshold energzy mmust also be specified. The defanlt value of the tlueshold
enerzy 12 15 keV. Other quantities required forr the caloulation are the energies B, and emission probabilities
of the radiation, and the mass absorption coefficient (Up)te m tissue. The summation mdex  refers to all thy

mdrvidual gamuma and x-ray energies.
The committed effective doses are aiven by

0) = e, (50)- Activin( Bq)
(50) = e, (50) - Activitv(Bq)

g

sotopic Power (a) = A |Er;

Isotopic Power {a + )= A- |E o E -»-‘l
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Nuclide Chart icon

Mass Activity Converter
27 Cobalt

he Nuclide Chart icon shows the location of
the selected nuclide on the nuclide chart.

To the right of this, the nuclide mixture link El_ﬁf]“Ef‘tE } S
can be used to select a nuclide mixture. '

Current Chart: Karlsruhe

Converter Options Mixture details
The source strength can be specified by p
using the drop-down menus (see the Quantity it
following section). The default source 1E+06 Activity (Ba)
strength is 1 MBq.

In the Unit/Quantity drop-down menus, the
source strength is shown in becquerel (Bq),
curie (Ci), number of atoms, etc. This can
then be converted to other units.
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Nuclide
Mixtures

Mixture

Matural Potassium

"Cs-137"

"U-238"

1 g irradiated UOX fuel

1 tan Spent Fuel with thorium
1g UOX spent fuel, 36 v decay
20% enriched U

Ce-144 7 Pr-144

Cm 01

Cm mixture

Cr element
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Mass Activity Converter
SRM 071

Miture
SEM 071 clide selector

Quantity Unit
£.02584e+6 Activity (Ba) Significant figures: | 4 E|

Mass M= 200.0 g
Activity A= 5.026e+E Bg
Activity A= 3.016e+8 dpm
Mumber of atoms M= 5.060e+23 atom

CR_1-MAPu_1-Fabr-2051-Cesar_5
CR_1-MAPu_1-Fabr-2151-Cesar_&
CR_1-MAPu_1-Fabr-2151-Cesar_5-1
CR_1-MAPu_1-Fabr-2151-Cesar_5-2

Cs137 7/ Bal13Tm

Cs137 in equilibrium with Ba137m

Decay of 100 Grams of 92 U 238 after 4 46808e+10 Years(0.01)
Decay of 1e6 Becguerel of 55 Cs 137 after 1 Hours(1E-02)
Decagaf 5.9815e+6 Becquerel of Natural Ugggiim after 1.15E+01

gars(h 400e-
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Converter

Mass Activity Converter
27 Cobalt

Current Chart: Karlsruhe

Element hazs

- = Mixture selectar
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Corvverter Optiohs

Unit

Activity (B

0
i
atam

maole

Svth

mrem

Quivalent, ingestion 50 = 340.0 mrem
Whiatt
Wyatt

lsotopic

Once the unit and quantity have been selected in the
Unit/Quantity Selector, the source strength in other units is
given in the physical quantity table, by pressing the Convert
button. The results are shown for 1 MBqg Co-60.

The input unit can be changed in
the Unit drop down menu. The
default unit is Bq. Had the value Ci
been selected, on pressing the
Convert button, the corresponding
values in grams, Bq, number of
atoms etc. are shown in the
Convert to/Quantity table.

Quantity Unit

1E+06 -I‘E'l.l:ti"fit'lf" I:Eh:l}
M 7]

sure rate (in air)
e rate
exposure rate

h gamma dose rate
Jinh

mrem e{50})ing

Watt (alpha)

Watt (alpha+beta)
ol - .
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27 Cobalt Mass Activity Converter

10.4Tm| 527 y
Current Chart: Karlsruhe 27 Cobalt

Elemerit Current Chart: Karlsruhe

Mixture selector
Element Mass

Co [+] 50 [+] Mixture selector

Converter Options
Unit

Activity (B Quantity Dosimetry and Shielding Settings

Activity B Ci Exposure and dose rate calculation:

dpm » Distance: 200/ em
Mass 2.388e-8

Activity 270365 i XTSI Hate ) pGyih in air
C/kg/h in air

s Medium: vacuum
s Radiations: vy & X rays

Mumber of atoms = 2.400e+14 atom Threshold energy: 15 ke
R/h in ai
Mumber of moles 3 985-10 male mR/h in air

Exposure rate at 2 m 0.07522 uGyth in air Dose rate ) uByih

Eguivalent gamma dose rate intissue at 2 m 1= 0.08425 pSwih Equivalent Dose rate - mradih
Committed Effective Dose Equivalent, inhalation 3.100e+3 rrem e '-'5‘”““

Mremy
Committed Effective Dose Equivalent, ingestion = 3400 mrem

: Effective Dose
|zatopic Power o =0 Watt
|sotopic Power o+ = 1.548e-8 WWatt

|sotopic Power a+B+y = 4181e-7 Viat Reset my defaults Reset Nucleonica defaults
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Mixtures
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Applications. Data Knowledge My Preferences Print #3 Metworking 7 Muclear Science @ Help -7 Mew Browser Tab

Mass Activity Converter o
SRM 071 Mass Activity Converter

SRM 071

Wixture
SEM 071 |Z| Nuclide selector

ixture

SREM 071 |Z| Muclide selectar

= Mecture details

Quantity Unit
5.02584e+6 Activity (Bq)

Mass 200.0 a
Activity A= 5.026e+6 Bq

e COptons Mecture detzils
Activity A= 3.016e+8 dpm

- 92 1 234 2.443e+6 0.01062 2732e+149 4 537e-5 04860 5310e-5 |5.400e-
umber of atoms 5.060e+23 atom

Mumber of moles 0.8402 maole 92 1) 235 1.138e+5 1.423 3.645e+21 6.053e-3 0.02264 T.114e-3 | T.204e-3
e (= 5481e-4 HELDTE 2T 92 U 238 2.469e+6 198.6 5.023e+23 08341 04913 0.9928 0.9927

Equivalent gamma dose rate intissue at2 m 1= f.139e-4 psuh

oh 025 0.5
Committed Effective Dose Equivalent, inhalation 0 =| 4.3688+6 mrem

Committed Effective Dose Equivalent, ingestion ; 2.362e+4 mrem
Isotopic Power a 3.660e-6 Watt
Isotopic Power a+f 3.670e-6 Watt
Isotopic Power a+B+y 3.674e-5 Watt

Spontaneous fission neutron emission rate n= 2697 n's

nucleonlca-'.’




Nuclide Mixtures

The mass activity calculator can also Mass Activity Converter

be used for nuclide mixtures. In the | Natural Uranium

diagram shown, the nuclide mixture

“natural uranium” has been selected. Misture

This mixture has been previously atural Uranium [r] el selector

created in the Nuclide Mixtures module
for 1 mole (of atoms) of natural
uranium containing

Converter Options Mixture details

Quantity Unit
1 MMole of atoms

0.9927 mole U-238,

7.114x10-3 mole U-235 and Mass w=230 g
Activity A= 5981etb B
5.310x10~°> mole U-234. AZE::; A= 3_589:+8 d[?m
MNumber of atoms N = 6.022e+23 atom
Number of moles MN/Ma = 1.000 maole
AS can be Seen, even 1 m0|e Of atoms Exposure rate at 2 m X = 6.523e-4 uGy/h in air
of natural uranium, with a mass of 238 | o
gl’am and aC“Vlty Of a|mOSt 6 MBq Committed Effective Dose Equivalent, ingestion E_;-,g = 2811e+4 mrem
(without daughters), has a negligible SR i e T s
o - Isotopic Power a+p3 B= 5 Watt
gamma dose rate and heat emission |sotopic Power a++y Papy = 4.373e-6 Watt
rate (|SOtOp|C powe r) . Spontaneous fission neutran emission rate n= 3209 n's

nucleonlca.'.'
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Total:  5.026e+6 200.0 5.060e+23 0.8402 1 1 1

nucleonlca.'.'



http://www.nucleonica.net/wiki/images/9/90/MAC_1.jpg

Exercises Mass Activity Converter

. Calculate the specific activities of C-14 and S-357? (1.7E11 Bg/g (4.5 Ci/g), 1.6E15 Bq/g
(4.3E4 Cilg)).

. The activity of Sr-90 is 18,000 transformations per minute. What is the mass of
Sr-90? (mass = 5.87E-11g).

. Six grams of carbon from a piece of wood found in an ancient temple are
analysed and found to have an activity of 10 transformations per minute per
gram of carbon. How many atoms of C-14 are present in the sample and what is
their mass? (2.6E11 atoms, mass = 6.0E-12 g)

. What is the dose rate from a 100 MBq source of Co-60 at 2m distance? (8.4 uSv/h)
. How many grams of Y-90 are in secular equilibrium with 1 mg Sr-90? (0.25 pg)

. The environmental burden of C-14 is as follows: in the atmosphere 4 MCi, in
plants 13 MCI, in the oceans 240 MCi. What are the masses of C-14 in a) the
atmosphere, b) in plants, ¢) in the oceans?

(893 kg, 2.9 metric tonnes, 53.6 tonnes)

nucleonlca-'.‘



7. Consider the nuclide mixture ,,Juelich file* containing 65 nuclides

What is the total activity and mass? (1.39e10 Bq, 2562 Q)

 What is the total gamma dose rate at 1Im? (114 uSv/h)

 What is the total neutron emission rate? (116.7 neutrons per second)
« What is the total amount of heat produced? (5.877e-4 W)

 Which nuclide has the hifghest activity? (Sr-90)

 Which nuclide has the highest mass? (U-238)

nucleonlca-'.’



Exercises Mass Activity Converter

8. It is suspected that a radioactive sample contains HEU. The gamma dose rate
at 3cmis 2 uSv/h (without shielding).

« What is the mass of HEU giving rise to this dose rate? (1.165g).

The neutron emission rate is measured to be 1 n/s. What can you conclude about
the radioactive source? (It is not HEU)

9. The concentration of potassium (K) in humans is about 1.7 g/kg. What mass of
potassium does an average person (weight 80 kg) contain? (136 Q).

 What is the atomic weight of potassium? Hint: see the sample mixture in the
Nuclide Mixtures (39.0983)

« What is the total number of atoms of potassium? (2.09E24 atoms)

« What is the total number of atoms of K-40? (2.45E20 atoms K-40).
What is the abundance of K-40? (0.0117 atom%)

 What is the mass and activity of K-40 in this person? (1.63E-2 g, 4.26 kBq).

nucleonlca-'.‘



